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HIGH RESOLUTION ETALON-GRATING 
SPECTROMETER 

This application is a continuation-in-part of Us. Ser. No. 
09/772,293, ?led Jan. 29, 2001 Which is incorporated herein 
by reference. The present invention relates to spectral moni 
toring instruments and in particular to instruments for moni 
toring Wavelengths of narroW band ultraviolet lasers. 

BACKGROUND OF THE INVENTION 

Spectrometers 
Spectrometers are Well knoWn devices for measuring the 

intensity of light at various Wavelengths. A typical spec 
trometer consists of a slit, a collimator lens, a dispersive 
optic, such as a prism or grating, an objective lens or lenses 
for focussing the various Wavelengths and a photometer for 
measuring the intensity of the various Wavelengths. FIG. 1A 
is a schematic draWing of such a prior art grating-based 
spectrometer. A light source 2 Which is the subject of a 
Wavelength measurement is sampled by an optical ?ber 4 
having an internal diameter of about 250 microns and a 
portion of the light is directed to slit 6 Which is longer than 
the internal diameter of the ?ber and has a Width of about 5 
microns. Light passing through slit 6 expands in the 5 
micron direction in a beam 7 at an angle of about 3 degrees. 
The beam is re?ected from mirror 8 and is collimated by lens 
10 for illumination of grating 12 Which in this prior art 
representation is arranged in a LittroW con?guration. Light 
at various Wavelengths re?ecting from the grating is dis 
persed at angles dependant on the Wavelengths. A beam 
representing only one Wavelength is depicted in FIG. 1 as 
re?ecting from the grating 12 back through lens 10 and 
re?ecting off mirrors 8 and 14 and is focused to a line at 15. 
(The long dimension of the line is into and out of the page.) 
This particular Wavelength is refocused at a line 17 by 
objective lens 16. Light at this Wavelength is measured by a 
photometer 18, While light at other Wavelengths is blocked 
by a slit 19 placed in front of the photometer 18. Slit 19 and 
photometer 18 are placed in the same housing. Light at 
Wavelengths other than the depicted Wavelength is re?ected 
off grating 12 at angles slightly different from that of the 
depicted beam. Thus, other Wavelengths are measured at 
positions above or beloW line 17 by photometer 18 Which, 
as indicated in FIG. 1, moves back and forth, together With 
slit 19, to make these intensity measurements. 

The resolution of this prior art spectrometer is limited by 
dispersion of the grating and its siZe. Both of these param 
eters can only be improved up to a certain level determined 
by technology limits and cost. If desired parameters still 
cannot be achieved, then several diffraction gratings can be 
used in more elaborate spectrometry. This Will proportion 
ally increase the resolution. HoWever, these more elaborate 
techniques can substantially increase the cost and the siZe of 
the spectrometer. What is needed is a simple and inexpen 
sive method of substantially increasing the precision of prior 
art spectrometers. A particular need exists for a compact, 
high resolution ultraviolet spectrometer With a resolution of 
the order of 0.05 pm. Such a spectrometer is needed to 
monitor the output spectrum of narroW band excimer lasers 
used, for example, in micro lithography. 

It is Well knoWn that a Fabry-Perot etalon may also be 
used as the dispersive element rather than a diffraction 
grating. Etalons are routinely capable of producing resolving 
poWers on the order of 107. Because etalons do not require 
the use of a slit aperture, their luminosity is high. 
Unfortunately, to achieve high resolving poWers With an 
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2 
etalon spectrometer one Would traditionally have to sacri?ce 
free spectral range. 
The transmission of an etalon When illuminated by a 

diffuse monochromatic source is maximiZed at speci?c 
angles. These fringes of equal inclination produce a con 
centric ring pattern When imaged by a lens. The angular 
separation betWeen consecutive fringes of an etalon de?nes 
the FSR of the etalon in angle space. The relationship 
betWeen the maximum angle 0, of an etalon With respect to 
Wavelength is de?ned by: 

m7~=2nd cos(0) (1) 

Where: 

m=fringe order 
n=index of refraction 

d=plate separation of etalon 
These multiple fringes or pass bands in the transmission 

of a single etalon limit its usefulness to a region betWeen 
consecutive fringes. In a typical etalon spectrometer, the 
usable spectral range is limited to about 30 to 40 times its 
resolution. HoWever, in order to measure the spectrum of an 
excimer laser used for microlithography a much larger 
spectral range is required. 

NarroW Band Excimer Lasers 

Line narroWed excimer lasers are currently used as the 
light source for microlithography. In order to provide inte 
grated circuit feature siZes in the range of a small fraction of 
a micron, the bandWidth of the laser beam must be narroWed 
to a fraction of a picometer and the central Wavelength must 
be controllable to an accuracy of a small fraction of a 
picometer. FIG. 1B is a draWing of a narroW band excimer 
laser system 1 shoWing a typical scheme for controlling the 
Wavelength and bandWidth of these excimer lasers. A gain 
medium is created in laser chamber 22 by electric discharges 
betWeen tWo elongated electrodes 24 (only the top electrode 
is shoWn). At the rear of the chamber, the laser beam exits 
into a line narroWing package, LNP, 26 Which comprises a 
three prism beam expander 28, a tuning mirror 30 and a 
grating 32 arranged in a LittroW con?guration. Tuning 
mirror 30 is arranged to pivot about an axis as indicated in 
the ?gure and its position is controlled by a precision driver 
unit 34 such as a stepper motor or a pieZoelectric driver or 
a combination of the tWo for Wide tuning range and precise 
control. Precise control is provided in a feedback arrange 
ment in Which a portion of the output beam doWnstream of 
output coupler 36 is sampled by very fast response Waveme 
ter 38 Which measures the central Wavelength and band 
Width and controls the central bandWidth to a target value by 
appropriate feedback signals to driver unit 34. 

In order to characteriZe the spectral properties of microli 
thography excimer lasers, tWo speci?cations are commonly 
used. The ?rst one is the full Width at half maximum 
(AKFWHM), and the second one de?nes the range containing 
95% of the total laser pulse energy. This speci?cation is 
commonly referred to as Aklgsqb and it de?nes the amount 
of energy Which is contained in the spectrum tails. In the 
typical microlithography excimer laser, Aklgsqb is about 
three times larger than AKFWHM. In order to accurately 
measure both AXFWHM and Aklgsqb a spectrometer With 
resolution of about 0.05 pm and usable spectrum scan range 
of at least 5 pm is required. These tWo parameters are 
extremely dif?cult to achieve simultaneously using prior art 
spectrometers. The etalon spectrometer even though capable 
of providing 0.05 pm resolution Will have a usable scanning 
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range limited to 1—2 pm at this resolution. On the other hand, 
grating spectrometer, having resolution of 0.05 pm at 193 
nm is extremely bulky and very expensive device. 
What is needed is a comparably inexpensive device Which 

Would provide simultaneously resolution of 0.05 pm and 
scanning range of 5 pm. 

SUMMARY OF THE INVENTION 

The present invention provides a high resolution etalon 
grating spectrometer. A preferred embodiment presents an 
extremely narroW slit function in the ultraviolet range and is 
very useful for measuring bandWidth of narroW band exci 
mer lasers used for integrated circuit lithography. Light from 
the laser is focused into a diffuser and the diffused light 
exiting the diffuser illuminates an etalon. A portion of its 
light exiting the etalon is collected and directed into a slit 
positioned at a fringe pattern of the etalon. Light passing 
through the slit is collimated and the collimated light illu 
minates a grating positioned in an approximately LittroW 
con?guration Which disburses the light according to Wave 
length. A portion of the dispursed light representing the 
Wavelength corresponding to the selected etalon fringe is 
passed through a second slit and monitored by a light 
detector. When the etalon and the grating are tuned to the 
same precise Wavelength a slit function is de?ned Which is 
extremely narroW such as about 0.034 pm (FWHM) and 
about 0.091 pm (95 percent integral). The etalon and the 
grating are placed in a leak-tight containment ?lled With a 
gas, such as nitrogen or helium. The Wavelength scanning of 
the spectrometer is done by changing the gas pressure in the 
containment during the scan. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shoWs a prior art grating spectrometer. 
FIG. 1B shoWs features of a prior art excimer laser 

system. 
FIG. 2 shoWs a layout of elements of a ?rst preferred 

embodiment of the present invention. 
FIGS. 3A and 3B shoW performance data of the preferred 

embodiment in graphical form. 
FIG. 4 shoWs a layout of a second preferred embodiment 

of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention is 
described by reference to FIG. 2A laser beam such as a 
portion of the beam directed into Wavemeter 38 shoWn in 
FIG. 1B, is focused by lens L1 into a diffuser, D. 

One side of this diffuser is ground or chemically etched to 
create a holographic diffuser. The other side is polished. 
Diffuser material can be fused silica. All the components of 
the spectrometer With the exception of the laser focusing 
lens L1 is placed in air-tight enclosure 50. Diffuser D serves 
as a air-tight sealed WindoW for the enclosure 50. Sealing is 
done on the polished side of the diffuser using one of many 
knoWn techniques. 

The diffuser scatters the light before it enters into etalon 
ET. This etalon determines the FWHM resolution of the 
instrument and it should have the highest practical ?nesse. 
In a prototype system, Applicants used an etalon With a 
?nesse of about 30 and FSR of 1.5 pm. The light, after 
passing through the etalon, is collected onto slit, S1, by lens 
L2, Which has a focal length of 90 cm. A 5><200 pm slit Was 
used. The etalon is aligned so that the slit S1, is in the exact 
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4 
center of the fringe pattern created by the etalon. This slit is 
the entrance slit of the grating part of the spectrometer. The 
light is collimated by the lens L3, and illuminates a 250 mm 
echelle grating, GR1, Which is arranged in an approximate 
LittroW con?guration. A small deviation from LittroW 
enables pick-up mirror M1 to separate a portion of the 
diffracted beam and direct it into the exit slit S2, Where the 
signal is measured With a photo-multiplier tube, PMT. A 
partially transmitting mirror M2, provides for a double pass 
on the grating in order to increase the dispersion. Aportion 
of the light, re?ected from GR1 for the ?rst time, is then 
re?ected by M2 back to the grating for the second pass. The 
second re?ection from GR1, Which passes through M2 is 
picked up by the mirror M1. This scheme alloWs the 
doubling of the grating dispersion With relative ease but at 
the cost of reduced ef?ciency. Ef?ciency, hoWever, is usually 
not a problem. 

With this scheme, the etalon and grating have to be tuned 
relative to each other such that the Wavelength at Which the 
etalon has maximum transmission at the slit S1 is also the 
same Wavelength at Which grating re?ects maximum 
through slit S2. This tuning can be accomplished by either 
rotating grating GR1 or moving slit S2. 

Once grating and etalon are tuned relative to each other, 
they both have to be scanned over a range of Wavelength so 
that a laser bandWidth can be measured. This is done by 
changing a gas pressure in enclosure 50. Both grating and 
etalon Will have the Wavelength of their maximum trans 
mission (re?ection) changed With pressure according to: 

Where )to is the Wavelength of maximum transmission at 
pressure P0 and 0t is a coef?cient depending on gas and 
Wavelength. For N2 and )L at 193.3 mn this coefficient is 
ot=0.58 pm/kPa. Therefore, if the Wavelength has to be 
scanned over 5 pm, it Will require change in pressure of 
about 8.6 kPa. This pressure scan can be achieved by 
providing metered injects of N2 into enclosure 50 With a 
metering valve V1 controlled by computer 60. After scan is 
complete, gas is released through a second valve V2 also 
controlled by computer 60. During the scan, computer 60 
collects the data from a PMT module to measure the laser 
spectrum. 

FIGS. 3A and 3B shoW the calculated slit function of this 
device. (MFWHM of the slit function is 0.034 pm and 
Ak195%=0.091 pm. This is a big improvement compared to 
AKFWHM=011 pm and A)t195%=0.5 pm for the double pass 
grating spectrometer alone. 

Second Preferred Embodiment 

The second preferred embodiment is shoWn in FIG. 4. In 
this embodiment, etalon and grating are enclosed in tWo 
separate containers C1 and C2 connected by a pipe P. 
Having tWo smaller vessels makes it technically easier to 
control pressure, rather than doing it in a large volume 
spectrometer enclosure of the ?rst embodiment. Vessels C1 
and C2 are connected With a pipe, Which equaliZes the 
pressure in them. 

The reader should understand that the preferred embodi 
ment described above is by example only and is not intended 
to limit the scope of the present invention. For example, 
mirror M2 may not be included so that the light only has the 
a single dispersion on the grating. The spectrometer may be 
used as a test instrument for accurately measuring band 
Width of a laser periodically With the resulting measurement 
used to calibrate operational bandWidth instruments on the 
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laser. Alternatively, the present invention could be incorpo 
rated into the design of production lasers so that very precise 
measurement of bandWidth could be made as often as 
desired. 

There are many other techniques available for regulating 
the pressure in the pressure containments other than the 
technique speci?cally described. For example, a piston or a 
pump can be used to compress the gas. Also a separate 
chamber (connected by a pipe to the containment for the 
optics) could be provided in Which a portion of the gas is 
heated to increase the pressure in the optics containing 
portion of the containment. Gas other than nitrogen can be 
used, for example, helium. 

The reader should understand and recogniZe that many 
changes and alterations could be made Without deviating 
from the spirit of the invention. Therefore, the scope of the 
invention should be determined by the appended claims and 
their legal equivalents. 
We claim: 
1. A high resolution spectrometer having a very narroW 

slit function and a relatively large spectral range, said 
spectrometer comprising: 
A) a pressure containment, 
B) an etalon optical unit contained in said pressure 

containment and con?gured to monitor a beam of 
narroW band ultraviolet light and to produce interfer 
ence fringes, said etalon optical unit comprising: 
1) a diffuser positioned to diffuse said light into a very 

large number of directions to produce a diffuse 
beam; 

2) an etalon positioned in the path of said diffuse beam; 
3) a ?rst slit aperature; and 
4) a lens unit positioned to collect light passing through 

said etalon and to focus a portion of the passing light 
through said ?rst slit aperture, 

C) a grating contained in said pressure containment unit 
comprising: 
1) a collimating optical unit positioned to collect light 

passing through said ?rst slit aperture, 
2) a grating positioned in an approximately LittroW 

con?guration to re?ect said collimated light back 
through said collimating optical unit so that spectral 
components of re?ected light are focused by said 
collimating optical unit at positions dependent on 
Wavelength of said spectral components, 

3) a second slit aperture, 
4) a mirror positioned to re?ect through said second slit 

aperture a portion of said light passing back through 
said collimating optic, 

5) a light monitor positioned to monitor light passing 
through said second slit aperture, and 

D) a gas contained in said pressure containment and a 
regulation means for controlling gas pressure in said 
pressure containment; 

Wherein said ?rst and said second slit apertures are both 
positioned to pass a very narroW band of light having 
approximately the same narroW Wavelength range and 
Wherein Wavelength scanning is accomplished by changing 
the pressure in said pressure containment. 

2. A spectrometer as in claim 1 Wherein said grating 
monochromator unit further comprises a partially re?ecting 
mirror positioned betWeen said collimating lens and said 
grating to cause a portion of said light passing through said 
?rst slit aperture to be re?ected at least tWice from said 
grating. 
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3. A spectrometer as in claim 2 Wherein said mirror is 

positioned to re?ect through said second slit aperture light 
tWice re?ected from said grating. 

4. A spectrometer as in claim 1 Wherein said containment 
comprises a single vessel containing said etalon optical unit 
and said grating unit. 

5. A spectrometer as in claim 1 Wherein said containment 
comprises at least tWo vessels connected by a pipe one of 
said tWo vessels containing said etalon optical unit and the 
other of said vessel containing said grating unit. 

6. A narroW band ultraviolet laser system comprising: 

A) a narroW band excimer laser having a Wavelength 
control mechanism capable of scanning output Wave 
length over a range of at least several picometers, 

B) a pressure containment, 
C) an etalon optical unit contained in said pressure 

containment con?gured to monitor a beam of narroW 
band ultraviolet light and to produce interference 
fringes, said etalon optical unit comprising: 
1) a diffuser positioned to diffuse said light into a very 

large number of directions to produce a diffuse 
beam; 

2) an etalon positioned in the path of said diffuse beam; 
3) a ?rst slit aperature; and 
4) a lens unit positioned to collect light passing through 

said etalon and to focus a portion of the passing light 
through said ?rst slit aperture, 

D) a grating unit comprising: 
1) a collimating optical unit positioned to collect light 

passing through said ?rst slit aperture, 
2) a grating positioned in an approximately LittroW 

con?guration to re?ect said collimated light back 
through said collimating optical unit so that spectral 
components of re?ected light are focused by said 
collimating optical unit at positions dependent on 
Wavelength of said spectral components, 

3) a second slit aperture, 
4) a mirror positioned to re?ect through said second slit 

aperture a portion of said light passing back through 
said collimating optic, 

6) a light monitor positioned to monitor light passing 
through said second slit aperture, and 

E) a gas contained in said pressure containment and a 
regulation means for controlling gas pressure in said 
pressure containment, and 

Wherein said ?rst and said second slit apertures are both 
positioned to pass a very narroW band of light having 
approximately the same narroW Wavelength range so as to 
permit bandWidth measurements and Wherein Wavelength 
scanning is accomplished by changing the pressure in said 
pressure containment. 

7. A laser as in claim 4 Wherein said grating monochro 
mator unit further comprises a partially re?ecting mirror 
positioned betWeen said collimating lens and said grating to 
cause a portion of said light passing through said ?rst slit 
aperture to be re?ected at least tWice from said grating. 

8. A laser as in claim 5 Wherein said mirror is positioned 
to re?ect through said second slit aperture light tWice 
re?ected from said grating. 


